Magnesium (Mg) is the fourth most important cation in the body after sodium, calcium and potassium, and the second most abundant intracellular cation after potassium. Magnesium is mostly stored in bone, soft tissue and muscle. Less than 1% of body magnesium is found in extracellular compartment, with 0.3% of
total body magnesium found in serum. Serum magnesium is present in 3 forms: 55% in the free form (Mg 2+ ), 30% binds with protein, especially albumin, and 15% forms complexes with phosphate, citrate, and other anion. 1, 2, 3 Magnesium functions in the body physiological activity. Biochemical function of magnesium is synthesis and utilization of energy, i.e. ATP formation, transport of electron and proton, synthesis and activation of 300 enzymes, regulation of cell stability and maintenance of cell permeability through ionic pump.
1,2 Thus, magnesium is an important component in regulation of cell.
The interest in the clinical importance of serum magnesium level has just recently begun with the analysis and findings of abnormal magnesium level in cardiovascular, metabolic and neuromuscular disorder. 4, 5 Although the serum level does not reflect the body magnesium level, but currently, only serum magnesium determination is widely used. 3, 5, 6 Erythrocyte magnesium is considered more sensitive than serum magnesium as it reflects intracellular magnesium status. 5, 6 According to NCCLS (National Committee for Clinical Laboratory Standartds) every laboratory is recommended to have its own reference range for the tests it performs, including magnesium determination. The value obtained is appropriate for the population and affected by the method and technique. 7, 8 Determination of magnesium level can be done with various methods, i.e. titration, colorimetry/spectrophotometry, flame emission spectroscopy, atomic absorption spectrophotometry (AAS) and ion selective electrode (ISE). AAS is the reference method for magnesium determination.
2,9 Intracellular (erythrocyte) magnesium determination can be done by 2 methods: indirect, and direct method. Indirect method measures magnesium level in whole blood and the hematocrit value is determined for calculation of intracellular magnesium. In the direct method, intracellular magnesium level is measured by lysing erythrocytes, such as done in this research. 6 This study aimed to find the reference range of serum and plasma magnesium and also intracellular magnesium i.e. erythrocyte magnesium by direct method, and compare the results of serum and plasma magnesium.
METHODS
Blood was taken from 114-blood donor from Unit Transfusi Darah Daerah (UTDD) Budhyarto Palang Merah Indonesia (PMI) DKI Jakarta, consisted of 57 males and 57 females, aged 17 -65, clinically healthy according to PMI donor criteria. Blood was taken from blood set, collected into 4 ml vacuum tube without anticoagulant for serum magnesium determination and 3 ml vacuum tube with lithium heparin. Samples were immediately brought to laboratory to be tested in less than 2 hours after obtained. 7 Blood was centrifuged with the speed of 1200 g for 10 minutes to separate serum and plasma from blood cells, serum and plasma was decanted for determination of Mg level, while the remaining cells were lysed for the measurement of intracellular Mg level. 7.10 Determination of magnesium level was performed by auto analyzer Hitachi 912 by Xylidil Blue method colorimetrically.
6.11

RESULTS
Within run precision and accuracy of test using auto analyzer Hitachi 912 with Precinorm U and Precipath U as controls yielded CVs of 1.73% and 1.81%, respectively, with deviations of -0.55% and 0.84.
Between day precision showed CVs of 2.21% with Precinorm U and 2.27% with Precipath U.
To determine serum, plasma and erythrocyte magnesium reference value, 114 samples from 57 male and 57 female donors were tested. Data was grouped according to gender, and each data group were tested for normality of distribution by Kolmogorov Smirnov test, and compared between groups. Serum magnesium levels of male and female group showed normal distribution (male p=0.350 and female p=0.600). Independent t-test showed no significant difference in serum magnesium of male and female (p=0.176), so the serum magnesium data of both groups were joined. This data also showed normal distribution (p=0.266), hence reference range was expressed as mean ± 2SD. Mean serum magnesium level in this study was 1.64 mEq/L with SD of 0.17 mEq/l, and the reference range of serum magnesium was 1.30 -1.98 mEq/L. Plasma magnesium level from each gender group showed normal distribution (male p= 0.495 and female p=0.999). Independent t-test showed no significant difference in the plasma magnesium level between groups (p= 0.092). Data from both groups were joined, tested for distribution and showed normal distribution (p=0.902). Mean plasma magnesium level was 1.66 mEq/L, with SD of 0.17 mEq/L, and the reference range of plasma magnesium obtained in this study was 1.32 -2.00 mEq/L.
Further, serum and plasma magnesium levels were compared, and t-test showed no significant difference between serum magnesium and plasma magnesium reference ranges (p=0.108), which meant that plasma or serum can be used in the determination of magnesium level, 9 reference range of which was 1.30 -2.00 mEq/L.
In the determination erythrocyte magnesium, each gender group showed normal distribution (male p=0.520 and female p=0.593) and independent t-test yielded no significant difference between erythrocyte magnesium of the groups (p= 0.190). Joined data showed a normal distribution (p=0.210), with mean value of 5.78 mEq/L and SD 0.66 mEq/L, thus reference range of erythrocyte magnesium obtained in this study was 4.46 -7.10 mEq/L.
DISCUSSION
Magnesium requirement of an adult male is 420 mg/day, and adult female is 320 mg/day. In fact, this requirement is different according to age and gender. 8, 10 Dietary sources of magnesium are chlorophyllcontaining green vegetables, and legumes. 11 Magnesium balance in the body is achieved rather slowly, because the half-life of radioactive-labeled magnesium varies from 41 to 181 days. 12 Hypomagnesaemia can be asymptomatic. Manifestations of hypomagnesaemia include irritability of central nervous system such as convulsion, muscle cramps, tremor, carpopedal spasm, cardiovascular disorders such as atrial fibrillation and tachycardia. Manifestation of hypomagnesaemia will occur if serum magnesium level is less than 1 mEq/L. Conditions leading to hypomagnesaemia include alcoholism, malnutrition, lactating, malabsorption, chronic glomerulonephritis, cirrhosis and also prolonged intravenous feeding. 13, 14, 15 Hypermagnesaemia is often encountered in renal failure or therapy with magnesium sulfate. Symptoms of hypermagnesaemia occur if serum magnesium level is higher than 4 mEq/L, and is manifested in the form of depressed central nervous system functions such as lethargy, respiratory depression, loss of tendon reflexes, cardiovascular disorders such as bradycardia and conduction disorder. 13, 14, 15 Although most of body magnesium comes from dietary intake, but the distribution regulation of magnesium according to proportion of intracellular and extracellular levels in various organ is not yet clear. Hormones are considered to play a part in of regulation of metabolism, including parathyroid hormone (PTH), anti diuretic hormone, calcitonin, glucagons and insulin. Parathyroid hormone responds to hypomagnesaemia by increasing intestinal absorption, increasing tubular reabsorption of magnesium and cellular uptake. Calcitonin and anti diuretic hormone (ADH) regulates urinary excretion of magnesium. 4.16 Electrolyte measurement, including the measurement of magnesium, consists of pre-analytical, analytical and post analytical phases. Pre-analytical phase includes patient preparation, blood collection, preparation of sample containers, transport and storage of sample. Analytical phase includes the type of reagents used and the assay method, while the post analytical phase comprises of reporting and recording of results. 7.10 In the pre-analytical phase, blood sample for magnesium determination should not be taken after prolonged tourniquet application. 9, 19 Specimens recommended for the determination of magnesium are serum, heparinated plasma and urine. 2, 7, 10, 17 The anticoagulant heparin is available commercially in the forms of sodium-, lithium-, ammonium-, zinc-, calsium-titrate or electrolytebalanced heparin. Heparin concentration should not exceed 10 IU/mL. Heparin can be used in the form of liquid or powder. If aqueous heparin is used, hence the dilution factor must be considered, but this dilutional effect can be minimized by minimizing the ratio of anticoagulant to blood so that the effect becomes insignificant. Lithium heparin is the recommended anticoagulant for electrolyte determination and is the standard anticoagulant for blood gas analysis. 7, 18 In this study, for the determination of plasma magnesium, vacuum tube sprayed with lithium heparin was used. 19 After blood was collected into the vacuum tube containing anticoagulant, the tube was shuffled several times to ensure homogenous mixing of blood and anticoagulant.
Blood samples were then transported in a closed container to avoid contamination and evaporation, and then sent to the laboratory in upright position and room temperature (18 0 -28 0 C). Samples were centrifuged for 10 minutes at 1200 g to separate plasma from cells, and serum from clot. 10 Hemolyzed samples are useless for the determination of serum magnesium level, as they will yield false high results due to intracellular magnesium release; serum magnesium level will increase 0.1 mEq/L for each g/L hemoglobin released in the hemolytic process. 7 Serum separation from cell sediment should be done immediately because of higher erythrocyte magnesium level. Decanted serum or plasma can be stored at 2 0 -8 0 C for 1 week or at -18 0 C for 1 month prior to determination. 17, 19 Reference method for magnesium level determination is AAS. 2, 9 Though it has high accuracy and precision, AAS is seldom used in the laboratory, as it requires very careful maintenance, calibration and sample preparation. 2 The method that is often used in the laboratory is colorimetry. This method use metalochromic indicator or dye, which will selectively bind magnesium and produce a color change. Some frequently used chromophores are calmagite, carboxalinido (xylidil blue), methylthymol blue, formazan dye, titan yellow and magon. 2 This study used xylidil blue with chemistry autoanalyzer Hitachi 912.
Magnesium forms purple-colored complex with xylidil blue (diazonium salt) in alkaline environment. Calcium effect was eliminated with the addition of EGTA (etilen bis-oxyetilenenitrilo tetraacetic acid) buffer. 17, 19 Magnesium concentration is then measured by measuring the absorbance of colored complex by photometry method. Both free and protein-bound magnesium in the sample will react with dye xylidil blue, with stronger affinity between magnesium with dye compared to protein. 18, 20 The color produced is proportional to the complex formed and reflects magnesium level in sample. The reaction is described as following:
Color change is measured at bichromatic wavelength of 600 nm and secondary wavelength of 505 nm. Measurement at secondary wavelength 505 nm aims to eliminate extrinsic factors, sample color, etc. Calculation of magnesium level is by multiplication of the difference in the absorbance at  600 nm dan  505 nm by factor K from calibration. 19 Determination of intracellular magnesium level can be done by 2 methods: direct and indirect method. Indirect method measured total blood magnesium (whole blood), serum magnesium serum and hematocrit (Hct). Calculation of intracellular magnesium is according to the following formula: 20 (100-Hct) 100
Hct
Mistake yielded by this method is quite substantial due to the number of parameters concerned in the calculation. Wallach S, Cahill LN, Rogan FH, et al. in their research compared the determination of erythrocyte magnesium with direct and indirect method, and reported that erythrocyte magnesium level determined with indirect method was in fact 0.6 mEq/L higher. 20 In this study, intracellular erythrocyte magnesium was determined with direct method. To obtain intra-erythrocyte magnesium, erythrocytes were lysed prior to determination using a commercial hemolysate reagent available to quicken cell lysis. 6 Prior to research, pipettes used were calibrated. The calibration of semiautomatic pipettes yielded deviations of -0.13% for the 100 uL pipette and 0.84% for the 200 uL pipette. The deviation value permitted is < 1%.
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Result of within run precision with control material Precinorm U and Precipath U showed CVs of 1.73% and 1.81%. Within run precision specified by reagent manufacturer (Roche) using control material Precinorm U and Precipath U had CVs of 0.8% and 0.7%, respectively. 20 Laksman S. in her research reported CVs to control material Precinorm U and Precipath U of 4.1% and 4.2%, 21 while Kosasih AS reported CVs of 1.6% and 1.7%. 22 Other study using Vitros reagent with normal control serum yielded CV of 1.4%. Between day precision using control material Precinorm U and Precipath U yielded CVs of 2.21% and 2.27%. Between day precision specified by reagent manufacturer (Roche) with control material Precinorm U and Precipath U showed CVs of 1.6% and 2.6%. 19 Kosasih AS reported CVs of 2.0% and 1.7%. 22 Other research using Vitros reagent showed between day CV to normal control of 2.3%. 17 Within run and between run precision testing in this research showed CV values comparable to those from other researchers, although there was no recommendation for CV for the test.
The reference range of serum or plasma magnesium obtained in this research was 1.30-2.00 mEq/L. The reference range recommended in reagent kit insert from Roche (quoted from Tietz) for serum/plasma was 1.3-2.1 mEq/L, 19 reference range of serum magnesium with Vitros was 1.3-1.9 mEq/L, 17 whereas Thermotrace specified reference range of serum/plasma of 1.36-2.14 mEq/L. 8 David S reported serum magnesium reference range of 1.24-1.9 mEq/L. 12 The reference range of serum and plasma magnesium level obatained in this research did not differ from other references (Table 1 ). In some studies that have been done, the reference value of serum and plasma magnesium were not differentiated. 2, 9, 15 Statistical test used in this research showed that there were no difference between the reference value of serum and plasma magnesium levels, so that serum or heparinated plasma may be used for the determination of extracellular magnesium level.
Determination of serum magnesium level is not a good method to assess magnesium status, because extracellular magnesium amounts to only < 1% of total body magnesium, hence serum magnesium level does not always reflect the actual amount of body magnesium. 1, 2 It is known that 30% of serum magnesium was protein-bound; if the serum protein level is altered, serum magnesium level will also be influenced.
3 Serum magnesium will not fall below 1 mEq/L until at least 25% of intracellular magnesium is lost, 9 which means that low serum magnesium level generally shows a terminal magnesium deficiency. 23 Considering 99% of body magnesium is in the intracellular compartment, it is important to assess the status of intracellular magnesium.
Determination of erythrocyte magnesium is a relative simple way to assess intracellular magnesium. Magnesium levels in nucleated red blood cells (RBC) and reticulocytes are higher than mature erythrocyte. 6 Animal research by Chollet concerning the relationship between total serum magnesium, serum free magnesium ion, erythrocyte magnesium, and intracellular magnesium of brain tissue showed significant correlation between serum free magnesium ion and erythrocyte magnesium, and intracellular magnesium of brain tissue. 24 Considering that erythrocyte magnesium level is a more accurate reflection of body magnesium, in this research besides determining reference range of serum and plasma magnesium, we also determined reference value of erythrocyte magnesium.
Reference range for erythrocyte magnesium obtained in this research was 4.46-7.10 mEq/L. Tietz reported erythrocyte magnesium level of 3.4-5.3 mEg/L. 9 Carubelli, Smith and Hammarsten in their research measured the erythrocyte magnesium with indirect method and reported reference range of 4.69-5.86 mEq/L. 25 Orange and Rhein with titan yellow method obtained erythrocyte magnesium value of 4.45-5.59 mEq/L. 25 Milart and Durlach in their research using AAS method by direct determination reported erythrocyte magnesium level of 3.64-5.56 mEq/L. 6 Reference value of erythrocyte magnesium in this research differed a little compared to some references (Table 1) . This was probably caused by the difference in population and also the method and assay technique. 7, 8 Determination of serum/plasma magnesium is still requested a lot by clinician to assess body magnesium status in a sickness and also to monitor magnesium therapy. 3 With the determination of intracellular erythrocyte magnesium level, it is expected that body magnesium status assessment can be as close to actual body magnesium condition as manifested by clinical condition. We hope that this determination can be utilized in the future.
CONCLUSION
Determination of reference range for serum, plasma and erythrocyte magnesium level in this research was done with xylidil blue method using Hitachi 912 colorimetrically. Determination of erythrocyte magnesium used direct method. Specimens for determination were heparinated plasma and serum from 114 healthy donors consisted of 57 males and 57 females. There was no significant difference between results of extracellular magnesium levels in plasma and serum, hence serum and also heparinated plasma can be used for assessment of extracellular magnesium level. Reference value for the serum or plasma magnesium was 1.30 -2.00 mEq/L and erythrocyte magnesium was 4.46 -7.10 mEq/L.
